To date, the long-term effects of reperfusion on the salvaged brain tissues have not been addressed in the literature. We report 4 cases presenting subacute neurological deteriorations with selective axonal injury following reperfusion therapies for acute ischemic stroke. Our case series based on 4 patients showed common features distinct from those of early reperfusion injury in that (1) the neurological symptoms developed after 1-2 months of reperfusion therapies, (2) these symptoms were accompanied by the subcortical white matter changes on brain MRI, and (3) these findings were mostly reversible with time. This suggests that axons in the reperfused brain may be vulnerable to further neurological injury.
Introduction
Reopening of occluded vessels in patients with acute ischemic stroke has been one of the therapeutic options, which improves clinical outcome through regional reperfusion and salvage of threatened brain tissues [1] . Reperfusion, however, sometimes carries certain risks known as 'cerebral reperfusion injury' including no reflow phenomenon, postischemic hyperperfusion, or brain hemorrhage and edema associated with the breakdown of the blood-brain barrier, which mostly occur within 1 week after reperfusion [2, 3] . We herein report 4 cases that showed subacute neurological deterioration combined with newly developed brain white matter (WM) lesions presumably associated with selective axonal injury following reperfusion of occluded vessels after 1-2 months of index stroke.
Case Report

Illustrative Case (Case 1)
A 68-year-old, right-handed woman was admitted with gradual onset of speech disturbance. About 50 days prior to admission, she underwent intra-arterial reperfusion therapy for acute ischemic stroke due to left middle cerebral artery occlusion. With successful recanalization, her global aphasia and right arm weakness rapidly improved, and she regained excellent functional recovery with subtle right arm weakness. Two weeks before admission, she developed progressive onset of speech disturbance -she was not able to form words. Neurological examination showed expressive aphasia without any weakness of extremities. The brain MRI revealed increased signal intensities of the left subcortical WMs on T2WI, FLAIR, and DWI without any concomitant vascular occlusion of the corresponding artery. During hospitalization, she showed some improvement in spontaneous speech. One month after discharge, she recovered to her previous functional status with nearly complete resolution of speech disturbance. Follow-up brain MRI about 3 months following the second admission, showed decreased signal intensities of the left subcortical WMs on the same MRI sequences ( fig. 1) . Details of the 4 cases are summarized in table 1.
Discussion
To our knowledge, this is the first case report addressing the chronic effects of reperfusion, the so-called 'delayed selective axonal injury in reperfused brain', in cases with acute ischemic stroke due to middle cerebral artery occlusion. Moreover, neurological adverse events related to reperfusion in human ischemic stroke were reported within several days from onset [4, 5] . This type of reperfusion injury was expressed as brain hemorrhage or secondary ischemia associated with disruption of the blood-brain barrier, no reflow phenomenon, and postischemic hyperperfusion [2, 3, 6] . Our case series, however, have some common features distinct from those of early reperfusion injury in that (1) the neurological symptoms appeared after 1-2 months of reperfusion therapies, (2) these symptoms were accompanied by the subcortical WM changes on brain MRI, and (3) these findings were mostly reversible with time.
Microscopic cellular damage can occur in the reperfused brain. In general, neurons are more vulnerable than glial cells or blood vessels, and oligodendroglia are more vulnerable than astrocytes and microglia in the global ischemia model [7] . Our proposed explanation for delayed selective axonal injury in reperfused brain was as follows: during the first hours of focal ischemia, the neurons are more vulnerable to ischemia than axonal structures, so ischemia resistant axons have greater chance to survive with reperfusion. However, some survived axons can be damaged in the microenvironmental levels, and after passing the silent period, clinical deterioration and subcortical WM lesions may occur in some cases. Our findings may suggest that the reperfused brain may be susceptible after acute stages of ischemic stroke. Accordingly, long-term follow-up imaging might be needed to elucidate the real frequency and clinical features in the consecutive thrombolysis registry.
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